ABSTRACT. Simple sequence repeat techniques were used to identify the genetic diversity of 101 Gossypium arboreum accessions collected from India, Vietnam, and the southwest of China (Guizhou, Guangxi, and Yunnan provinces). Twenty-six pairs of SSR primers produced a total of 103 polymorphic loci with an average of 3.96 polymorphic loci per primer. The average of the effective number of alleles, Nei's gene diversity, and Shannon's information index were 0.59, 0.2835, and 0.4361, respectively. The diversity varied among different geographic regions. The result of principal component analysis was consistent with that of unweighted pair group method with arithmetic mean clustering analysis. The 101 G. arboreum accessions were clustered into 2 groups.
INTRODUCTION
Asiatic cotton (Gossypium arboreum L.) is a type of cultivated diploid cotton originating in the Indian subcontinent and has been cultivated for 5000 years. More than 2000 years ago, Asiatic cotton was introduced into China through Myanmar, Vietnam; after long-term natural and manual selection, this cotton has been developed into a variety of unique Asiatic cotton varieties in the southwest area of China (Shen, 1993) . Because of its unique properties, including early maturity, wide adaptability, stress resistance, and disease and insect resistance, Asiatic cotton contains an important gene pool for improving cotton quality and stress tolerance (Stanton et al., 1992; Bie et al., 2001; Xu et al., 2001; Mehetre et al., 2003; Kebede et al., 2007) . However, because of low yield, Asiatic cotton was gradually abandoned and replaced with upland cotton (G. hirsutum L.) and Sea Island cotton (G. barbadense L.), although it is still used as an important resource for cotton improvement. Zhou (2011a) and Zhou et al. (2013) analyzed the genetic diversity of G. arboreum cultivars collected from different geographical locations in China. Their results revealed the abundant genetic diversity of Asiatic cotton at the molecular level. This study employed simple sequence repeat (SSR) markers to analyze the genetic diversity of and relationships between 68 Asiatic cotton accessions collected from the southwest of China (Yunnan, Guangxi, and Guizhou provinces) and 33 Asiatic cotton accessions imported from India and Vietnam.
MATERIAL AND METHODS

Materials
Among the 101 Asiatic cotton materials used in this study (Table 1) , 68 accessions were collected in 2002 (Song et al., 1999; Liu et al., 2003; Wang et al., 2003a,b) from the southwest of China (Yunnan, Guangxi, and Guizhou provinces) and 33 accessions were imported from India (21) and Vietnam (12) by the Institute of Cotton Research of Chinese Academy of Agricultural Sciences.
Genomic DNA extraction
Genomic DNA was extracted from the young leaves of each cultivar using the cetyltriethyl ammnonium bromide DNA extraction method as described by Song et al. (1999) , with minor modifications.
Genotype testing of SSR markers
A total of 26 SSR markers were selected and used in this study based on previous studies (Zhou, 2011b; Fu, 2012; Wang et al., 2012; Chen, 2013) . The polymerase chain reaction (PCR) volume was 10 mL and included 0.5 mL 10 mM dNTPs, 0.8 mL 5 mM forward and reverse primers, 0.1 mL 5 U/mL Taq polymerase, 1.0 mL 10X PCR buffer (including 15 mM Mg 2+ ), 25 ng genomic DNA, and 7.1 mL ddH 2 O. The PCR was performed on a TP 600 Thermal Cycler (Takara, Shiga, Japan). The PCR program was as follows: 95°C for 3 min; 30 cycles of denaturing at 94°C for 45 s, annealing at 57°C for 45 s, extension at 72°C for 1 min; and hold at 4°C. Electrophoresis-based detection of PCR products was conducted in an 8% poly-acrylamide gel using a DYC-Z30 electrophoresis apparatus at 200 V for 45 min, followed by silver staining. SSR-amplified polymorphic bands were encoded as "0" for absence, "1" for presence, and "-" for missing data, which included blurred or vague bands. 
Data analysis
The polymorphic information content, genetic diversity index, and Shannon's information index were analyzed using the Popgene_32 software. Cluster analysis and principal component analysis were conducted using unweighted pair group method with arithmetic mean with the NTSYS-pc_2.1 software.
RESULTS
Analyzing genetic diversity of SSR markers
A total of 26 SSR markers were selected to determine the genetic diversity of polymorphisms after preliminary selection of 514 SSR markers based on PCR amplification of 10 materials. A total of 103 polymorphic bands were amplified. The amplification efficiency of each pair of SSR primers differed slightly from 2 to 6, with an average of 3.96 polymorphic (Table 2) . The polymorphism information content differed among the cotton collected from different regions. Shannon's information index was low in Chinese samples compared to in Indian and Vietnamese samples; the gene diversity index showed the same pattern as Shannon's information index (Table 3 ). This suggests that Asiatic cotton had less genetic diversity in China than that in India and Vietnam.
Cluster analysis
Based on the analysis using 26 SSR markers, the unweighted pair group method with arithmetic mean cluster showed that the coefficients of the 101 Asiatic cotton accessions were similar, ranging from 0.64 to 0.96, with an average of 0.76. The similarity coefficient of qianya 5 and qianya 6 was the largest (0.96), indicating that these 2 accessions are genetically related Table 3 . Polymorphysim information of Asiatic cotton among different origin areas.
to each other. The 101 accessions were divided into 2 groups based on their similarity coefficients. The 1st group consisted of 21 accessions, including 14 Asiatic cottons from India and 7 Asiatic cottons from Vietnam. The second group consisted of 80 accessions, including 7 Asiatic cottons from India, 5 Asiatic cottons from Vietnam, and 68 Asiatic cottons from the southwest of China. The 2nd group of 80 accessions was further divided into 5 subgroups with a similarity coefficient of 0.69, in which the 2nd, 3rd, and 4th sub-groups included only 1 Asiatic cotton, including Qianya 10 (from the southwest of China), Guiya 1 (from the southwest of China), and VHJKL-2-1 (from Vietnam), respectively. The 5th sub-group consisted of 3 accessions, including Nghe An (from India), Qianya 34 (from the southwest of China), and Qianya 14 (from the southwest of China). The remaining 74 accessions belonged to the 1st subgroup, including 6 accessions from India, 4 accessions from Vietnam, and 64 accessions from the southwest of China. The results showed that the relationship were relatively consistent between molecular clusters and the geographical origins for the 101 Asiatic cotton samples, most Indian cotton and Vietnam cotton were clustered into 1 group, and the Chinese cotton (from different provinces in southwest China) and some of the Vietnam cotton were clustered into another large group. The different accessions collected from different provinces in southwest China (Guangxi, Guizhou, and Yunnan) overlapped with each other; they were clustered into some Indian groups and subgroups, and they could not be definitively classified (Figure 1) . 
Principal component analysis
Principal component analysis of the SSR molecular markers of the 101 accessions showed that the 101 Asiatic cotton accessions could be divided into 2 groups. The 1st group, a total of 21 Asiatic cottons, including 14 accessions from India and 7 accessions from Vietnam, revealed relatively close relationships. The 2nd group of 80 Asiatic cottons, including 7 accessions from India, 5 accessions from Vietnam, and all accessions from the southwest of China, showed relatively high divergence from each other (Figure 2 ). 
DISCUSSION
Genetic diversity of Asiatic cotton
Currently, there are two contradictory opinions regarding the genetic diversity of Asiatic cotton. It has been suggested that Asiatic cotton shows low genetic diversity. The results of previous studies revealed close genetic relationship and low genetic diversity among different Asiatic cotton germplasms (Dong, 2007; Deosarkar et al., 2010; Rahman et al., 2008) . In contrast, it has been suggested that Asiatic cotton shows high levels genetic diversity. Asiatic cotton was found to have richer genetic diversity within species and higher genetic variation than upland cotton (Liu et al., 2006; Sinha et al., 2008; Kantartzi et al., 2009; Zhou, 2011a,b) . In this study, polymorphism information content, gene diversity, and Shannon's information index results revealed rich intra-specific genetic diversity in Asiatic cotton. The reason for these inconsistent results may be that different materials were studied or that different molecular markers were used for different locations on the chromosome (Yeh and Boyle, 1997; Rohlf, 2000) .
Geographic origin and classification of Asiatic cotton
Clustering analysis of 101 Asiatic cotton accessions showed that most Asiatic cottons, which have similar geographical origins, had close genetic relationships and were classified together; this suggests a causal relationship between the cluster grouping and geographical origin. A hundred and one Asiatic cotton accessions distributed in different geographic areas in the same sub-groups derived from the UPGMA cluster method, which may be associated with its wide introduction and spread of Asiatic cotton. This experiment shows that most India and Vietnam Asiatic cotton accessions were clustered in the same group; additionally, all Chinese accessions as well as some Indian and Vietnamese accessions, were clustered in another group, which was further divided into sub-groups. This study demonstrates that Asiatic cotton, which originated in India and then spread to Vietnam, is gradually spread throughout the southern and southwest regions of China.
In this study, Asiatic cotton showed varying diversity depending on its geographical origins. Genetic relationships between Asiatic cotton from different regions appear to be closer than those in the same region, indicating the presence of transitional types between different regions; therefore, Asiatic cotton cannot be effectively classified based on geography alone.
Our results revealed abundant genetic diversity within Asiatic cotton species. Genetic relationships were close between most of the Indian accessions and some Vietnam accessions. A small number of Indian accessions, some Vietnamese accessions, and all Chinese accessions were loosely clustered into one category.
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